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Abstract—In this application, three-dimensional electromag-
netic sensors have been integrated into a data-glove to accurately
model and capture the motion of the human hand. By modeling the
movement of the human hand, this system has been shown to ac-
curately measure the tremor evident in subjects with Parkinson’s
disease (PD). It was found that 11 sensors were sufficient to model
the human hand including all the phalanges. A capture rate of
10 measurements/s was achieved. A discrete Fourier analysis has
been applied to extract the tremor frequency from the sensor
data time series. Further, an analysis of the instantaneous speed
of hand motion has been used to extract clinically significant
diagnosis. The technique described is seen to provide an objective
and quantitative method for the analysis of clinic conditions,
such as PD and essential tremor, as a way to assess the effect of
therapeutic interventions.
Index Terms—Bradykinesia, essential tremor (ET), Parkinson’s
disease (PD), posture data glove sensing, rest tremor, three-dimen-
sional (3-D) imaging systems, tremor.
I. INTRODUCTION
ATTEMPTS to quantify signs of Parkinsonism date back tothe 1920s. Accurate and quantitative assessment of tremor
and bradykinesia [slow speed of movement, characteristic of
Parkinson’s disease (PD)] may, however, improve diagnostic
specificity and provide un-biased quantification of therapeutic
interventions. Methods to assess tremor and bradykinesia may
be subdivided into objective quantification techniques and sub-
jective assessments. The latter are commonly used in clinical
practice and include patient functional disability scales, patient-
completed diaries and subjective physician ratings of severity of
signs of disease.
Many objective techniques sample only limited aspects of
motor dysfunction. The relationship between pathophysiology,
impairment and disability is complex; a problem in one do-
main does not necessarily predict difficulty in another. Existing
physiological techniques to record tremor include accelerom-
etry, electromyography (short- or long-term), computer tracking
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tasks, graphic digitizing tablets, and infrared sensor systems [1].
Each of these techniques has their drawbacks and several are
time-consuming to perform. Objective tests for bradykinesia are
even less satisfactory, and include the Purdue pegboard, and tap-
ping tests between two counters a fixed distance apart. More-
over, the pegboard lacks both specificity and sensitivity. It also
suffers from a significant “floor” effect.
In this paper, we apply a novel three-dimensional (3-D) mo-
tion system, developed using a 3-D imaging system and the elec-
tromagnetic position sensors (hand movement recognition), for
use in the recording of upper limb tremors and bradykinesia.
The quantitative assessment of frequency in PD was first pro-
posed using a posture dataglove in a number of medical abstract
publications by Warner et al., but no actual measurement were
demonstrated [2], [3].
The 3-D medical imaging system [4], [5] used has first been
introduced in 1993 to visualize online the position of endo-
scopes in the human colon, later on, another software system
(the “RMR” system) [6] was developed to produce a more real-
istic endoscope using stored data from the original system.
The objective of this application is to characterize the clinical
signs of patients exhibiting clinically probable PD (according
to the U.K. Parkinson’s Disease Brain Bank Criteria [7]) and
patients with definite essential tremor (ET) (according to the
TRIG criteria [8]) during the studies.
Ethical approval for this work was obtained from Newcastle
and North Tyneside Local Research Ethical Committee.
In this application, the 3-D imaging system has been used to-
gether with a “data-glove,” worn on the dominant hand of the
patient. Sensor data provide detailed recording on all the hand
phalanges. In PD, the involuntary hand tremor frequency is as
fast as 4–5 Hz, discrete Fourier transform (DFT) is used to ana-
lyze this tremor frequency and instantaneous speed is also mea-
sured by calculating derivative in raw data-time profile for each
experiment.
The 3-D imaging data glove developed for this medical
application is comfortable, light-weight and does not restrict
movement or affect the motion of the hand during experimen-
tation. Electromagnetic sensors provide a powerful technology
for human-computer interaction (HCI) and have been applied
to many fields [9]. One particular advantage is that the user
may harness the technology easily and routinely by using
ready-to-wear articles of clothing e.g., headsets or data-gloves.
Second, the 3-D sensors may simply be plugged into a computer
system, allowing the user uninhibited control and interaction
with the computer system using the glove arrangement (ref.
Fig. 1).
0018-9456/03$17.00 © 2003 IEEE
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Fig. 1. Three-dimensional imaging system.
Fig. 2. Three-dimensional posture stability test.
Fig. 3. Three-dimensional posture repeatability test.
The sensor measurements have been found to be stable, re-
peatable, and accurate. In this section, the assessment of these
parameters of measurement quality are presented.
Stability is observed by placing the data-glove at a static posi-
tion in the magnetic field and analyzing the resulting data cap-
tured for both position , , and and orientation and
for one of the sensors. Fig. 2 shows the variability measured for
this static test in terms of a standard deviation about the average
value in meter.
Repeating this experiment and choose different sensors, the
repeatability is obtained (ref. Fig. 3). By calculating the relative
vibration percentage, the conclusion could be made that the sta-
bility of the system is higher than other systems.
This system also achieved high accuracy, to quantitatively
evaluate the accuracy, a single sensor has been located at two
different positions along different directions. To avoid unex-
pected errors, the sensor has been kept static for about 10 s at
each position while the position and orientation data is being
recorded. The mean value of , , , and will then be
calculated and compared with the measurement taken with in-
strument. High accuracy can be observed from Fig. 4 displayed
below.
To allow multiple users to access the sensor data simulta-
neously, a data transmission program has been implemented
Fig. 4. Three-dimensional posture accuracy test.
Fig. 5. RT100 robot to simulate human hand movement.
within this application to transfer the sensor data to different
client machine via network, and then the live hand motion can
be simulated on line on these client machines.
Section II describes the principle of the electromagnetic 3-D
measurement, the algorithm to convert the measurement to the
position and orientation information of a sensor at the point of
interest, as well as the imaging system used for this application.
Section III defines the mathematical model used to construct
the online graphical hand model. Section IV introduces the al-
gorithm to obtain the frequency of different movements using
the DFT and the method to obtain the instantaneous speed of
hand movements which is one of the assessments required in
the treatment of PD. Section V demonstrates four experiments
undertaken to test the capability of the method proposed for a)
the detection of tremor, b) the rigidity of the wrist during roll
motions, c) the dexterity testing of finger pinching, and d) hand
grip motion using two subjects:
i) one exhibiting Parkinson’s symptoms;
ii) the other not exhibiting Parkinson’s symptoms.
Fig. 5 shows a mechanical robot RT100, which is also used in
the experiment, the robot is programmed to generate consistent
and repeatable motion. It may be, therefore, used as a reference
for the same experiments with human subjects.The results take
the form of 1) time-traces for sensors attached to key parts of
the hand, 2) a frequency analysis of these time traces, and 3) a
speed analysis for these time-traces.
II. PRINCIPLE OF 3-D ELECTROMAGNETIC MEASUREMENT,
ELECTROMAGNETIC SENSOR, AND IMAGING SYSTEM
An electromagnetic positioning system requires a method of
generating the magnetic fields, a method of measuring the fields
at the point of interest, and an algorithm to convert the measure-
ment into 3-D position and orientation information which may
be of interest in various applications.
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(a)
(b)
Fig. 6. (a) Diagram for the dipole field equation and (b) 3-D sensor in magnetic
field.
A. Three-Dimensional Electromagnetic Measurement
In order to measure the 3-D position and orientation of a
sensor an ac magnetic field must be applied. Each sensor coil
then provides an induced voltage that is proportional to the mag-
netic field strength. To compute the full 3-D position and orien-
tation specification of the sensor coil requires several simulta-
neous measurements to be made. This has required nine gener-
ator magnetic sources to be used, which are arranged in three or-
thogonal sets placed on a horizontal plane. The system is based
on low strength magnetic field capable of capturing the absolute
position of the magnetic sensor mounted on the data glove and
avoiding the difficulties of calibration of conventional bending
sensors. The technique is considered medically safe for use with
patients undergoing medical treatment and unlike acoustic and
microwave fields, the generators do not need to be in contact
with the body or require matching media making the system
convenient to use [5].
The magnetic field, B at a point P, produced by a dipole at the
origin [ref. Fig. 6(a)], is given by
(1)
where
magnetic flux density (T);
distance from the dipole to the point P (m);
angle from the coil axis to the point P (rad);
constant equal to , where,
, is the number of turns;
current inside the coil (A);
side of the coil (m);
unit vector in direction of ;
unit vector in direction of .
Deriving the Cartesian form
(2)
(3)
where
(4)
(5)
(6)
(7)
(8)
(9)
Resolving the fields and produces the following field
components:
(10)
(11)
(12)
(13)
Combining the field components gives
(14)
Thus, for each generator coil with coordinates at
, the magnetic field strength at the
measurement sensor is
(15)
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where is the index reference number for the generator coil. The
e.m.f induced in the sensor coil when placed in a magnetic field
[ref. Fig. 6(b)] is proportional to the resolved component of the
field along its axis
(16)
where
e.m.f induced in the sensor (V);
coefficient defining the sensitivity of the sensor (V/T);
unit vector in direction of the sensor, defined by the
two Euler angles and [ref. Fig. 6(b)].
The e.m.f induced in the sensor coil related to a generator coil
located at origin can be expressed in (17)
(17)
(18)
Expressing the e.m.f induced in the sensor coil related to each
generator coil (and their magnetic field), the following equation
can be obtained [5] where can be expressed as
(19)
B. Positioning System and Data Acquisition
Equation (19) represents a set of nonlinear simultaneous
equations which has to be solved to obtain , , , , and .
Several approaches were tested in early stage of the system
development to solve all the following five unknowns [5].
i) Five generator coils were located on a plane where .
Conventional non-linear optimization Newton’s method
was applied to solve the total five unknowns, the result
was not satisfactory. Various different positions and ori-
entations were also tested to locate the generator coils but
did not improve the reliability of this approach. Another
attempt was to improve the situation by increasing the
number of field generators. Since the number of equations
is more than the number of unknowns, Newton method
is replaced by Gauss-Newton method, this approach per-
formed no better.
ii) The form of magnetic field equation needed to be re-ex-
amined. A fairly advantageous concept was used in de-
veloping a new positioning algorithm. Reversing the role
of the generator and sensor coils such that the sensor is
the source to produce the magnetic field and the gener-
ator is sensing the field, this is equivalent to have a single
field whose amplitude and direction is measured at dif-
ferent points rather than resolve component of multiple
fields measured at a single point To clearly define the field
component along , , and axis, a combination of three
Fig. 7. Reversing field generator and sensor coils.
orthogonal generator coils was grouped into one “gen-
erator” (ref. Fig. 7). The equation to calculate induced
voltage remains the same.
Applying the same field equation (1), but with the generator
and sensor has been reversed, the field at G0 is given by
(20)
Since the three coils at G0 are orthogonal, the following re-
lation is given
(21)
from the proportional relation represented in (20), the field mag-
netude can be written as
(22)
From (21) and (22), the relation between the induced voltage
in the “generator” and the distance from the “generator” as-
sembly to the “sensor” can be written as
(23)
In actual situation, , , and represent induced
voltage in the sensor when each of the three generator coil is
energized. The constant of proportionality is given by .
In order to define the sensor position ( , , ), three generator
assemblies are required, for each generator assembly
(24)
Therefore, the imaging system being used for this applica-
tion consists of three generator coil assemblies; each assembly
includes three orthogonal coils. Using the second algorithm de-
scribed above together with Gauss-Newton method, the Carte-
sian position parameters, ( , , ) and orientation parameters
and are obtained.
In this positioning algorithm described above, it is assumed
that the generator coils produce ideal dipole field. However, the
positioning algorithm was tested for the nonideal fields pro-
duced by practical generator coils, Biot-Savart law has been
used to calculate the real time magnetic field.
The procedure used to update the real time sensor position
and orientation parameters consists of a sequence of calculation
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Fig. 8. Online position and orientation measurement for the 3-D sensors.
Fig. 9. Sensor positions in the data glove.
stages which converts the resolved induced voltage into the final
posture measurement. Each stage uses a calibration file to con-
vert the signal into SI units of distance and angle
Stage 1: Convert raw ADC data to a voltage.
Stage 2: Convert to “sensor volt per amp of drive current.”
Stage 3: Apply calibration for the generator coils.
Stage 4: Apply calibration for sensor.
Stage 5: Convert result to signed magnitude.
Fig. 8 displays a table of position and orientation readings for
up to 16 sensors; 11 sensors are used in this application.
III. MATHEMATICAL MODEL
In order to measure the position and orientation of the
hand in 3-D space, it is necessary to attach a set of sensors
at strategic positions on a glove. Fig. 9 shows the location of
eleven miniature inductive sensors sown into a glove. These
sensors are mounted on each finger-tip and the phalange above
the base joint. One further sensor is put on the palm.
Fig. 10. Definition of wrist vectors.
For further operation, we need to label the hand digits from. 0
to 4, where 0 is the thumb, and 4 is the little finger. Finger joints
are numbered 0 to 3, where 0 is the base, and 3 is the fingertip
(ref. Fig. 9).
A. Joint Positioning
First, the direction unit vector, converted from the orientation
of S10 (ref. Fig. 9), needs to be scaled by different factors, which
is determined by the width of the wrist. Adding or subtracting
the position vectors to S10, the position of P1, P2, P3, P4 could
be worked out (ref. Figs. 9 and 10)
(25)
(26)
(27)
(28)
where is the position of Sensor S10 (ref. Fig. 9),
is the unit direction vector of Sensor S10,
, and , , and are the dis-
tance from S10 to P1, P2, P3, and P4.
The sensors, described above “on each finger tip” and “on
the phalange above the finger base,” are put along and in the
middle of that phalange. Then, positions of Joint 0, 1, 2, 3 of all
finger 0, 1, 2, 3, 4 (ref Figs. 9 and 11) are determined by scaling
the direction unit vector of the relevant sensor with the factor
determined by the length of the phalange
(29)
(30)
(31)
(32)
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Fig. 11. Measurement of finger position.
Fig. 12. Octagon shape used to represent the human finger phalanges.
where and are the position of Sensor and
, and are the unit direction
vector of Sensor and , and and are the
length of the relevent finger phalange (ref. Fig. 9).
The Joint 0 of finger 1, 2, 3, 4 and P4, P3, P2, P1 will then
be connected to form the basic quadrilateral prisms to draw the
palm (ref. Figs. 9 and 10).
B. Calculation of the Vertices for Each Face
The shape of a human finger is cylindrical. To render a re-
alistic image, the cylindrical shape is approximated as a series
of octagonal prisms following the bending of a human finger.
It is very easy to determine a plane in which the joint1 and 2
should lie by knowing their up vectors, which could be actu-
ally calculated by adding the direction vectors of the two finger
bones linked by the proportional joint. Fig. 12 shows the oc-
tagons constructed around the finger joints. Each of the eight
vertices of neighboring octagons may be joined to form a series
of connected quadrilateral prisms around the finger bone.
C. Calculation of Facet and Surface Normals
After creating all the vertices, a series of four-side faces (ref.
Fig. 12) are used to represent the finger surface. For drawing
the object in Open-GL the up-vector to each of these faces is
calculated (ref. Fig. 13)
(33)
(34)
(35)
where , , , are four vertices of a
face and is the up vector of this face.
In order to make the image appear smooth, surface normals
should be calculated for each of the prism vertices by adding the
Fig. 13. Up-vector for each polygon face.
Fig. 14. Surface normals of each of the prism vertices.
facet normals of the four faces by which the vertex is share and
then re-normalized (ref. Fig. 14) [6].
D. Drawing the Object
The hand model is written in Delphi Pascal using the
Open-GL graphics library for 3-D-image rendering. It relies
on the windowing system for window management, event
handling, color map operations, etc. [10]. The image produced
has to be redrawn regularly to give the impression of animation
at the display refresh rate of 50 frames per second. Fig. 15
shows the images captured from instances of a series real-time
hand movement
While the graphic model is displayed, the sensor data to pro-
duce each hand frame may be saved to a file for further clinic
analysis. Off-line, signal-processing algorithms are used to ex-
tract motion parameters such as dominant frequency and varia-
tion in speed of hand motion.
IV. DISCRETE FAST FOURIER TRANSFORM
AND HAND SPEED ANALYSIS
The DFT has been used to synthesize dominant frequencies
in individual sensor data time series. This allows important clin-
ical measures of hand frequency to be defined objectively and
with precision. The main diagnoses and assessments of PD are
bradykinesia, impaired gait and mobility, postural instability,
resting tremor, and limb rigidity.
The DFT is an algorithm converts a sampled complex-valued
function of time into a sampled complex-valued function of fre-
quency [11]. Equation (36) defines the transform relationship of
input time data with output frequency components
(36)
668 IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, VOL. 52, NO. 3, JUNE 2003
Fig. 15. Sample of the 3-D hand model.
where
th real-valued input (time-domain) sample;
th complex-valued output (frequency-domain)
sample;
total number of samples;
and in the range .
There are several relationships must be considered in using
DFT. The major parameters of interest will be reviewed here
are as follows.
increment between time samples (s);
sampling rate ;
increment between frequency components (Hz) fre-
quency resolution;
record length (s) effective period of time signal ;
folding frequency ;
possible highest frequency in spectrum (Hz);
number of samples in record.
In order to avoid aliasing, it is necessary that
(37)
This will result in
(38)
For a desired frequency resolution, the minimum record
length must be seleted according to
(39)
Equations (38) and (39) leads to the conclusion that, to identify
high frequency, it is necessary to reduce , for a given , record
length would be shorten, thus the frequency resolution will
be decreased. Conversely, to increase the resolution, it is neces-
sary to increase , for a given , would be increased, which
would decrease the ability to identify high frequency.
The frequency resolution is not a crucial factor for the study
of PD, but to identify the 4–5 Hz rest tremor frequency the sam-
pling rate has to achieve minimum 10 Hz, which is the highest
capacity of the current system.
Applying this technology, a graphic interface has been imple-
mented to describe in a chart the raw data and frequency analysis
of various tests on patients with PD.
Fig. 16. Calculation of hand rest tremor motion.
A speed analysis program has also been implemented. With
the speed-time profile, the slowness in the hand movement of
patient with PD can be quantitatively measured. The instanta-
neous speed is defined as the derivative of the raw data in time
profile
(40)
where represents the instant speed, is the raw data of the
actual movement, and stands for time.
Finally, by averaging the instanteous speed over a fixed time
period, the hand motion speed changes or tendencies during a
clinical test may be calculated and recorded.
During experiments, up to 5-Hz bandwidth hand motion for
two subjects, a patient with PD and a healthy person, and an
anthropomorphic 6-axis robot manipulator called RT-100 are
recorded. Recordings were taken at 10 Hz sample rates for 60 s,
and then analyzed.
V. EXPERIMENTS AND CLINICAL ANALYSIS
Quantitative measurement technology has been applied in the
four experiments of the assessment for patients with PD; in
these experiments, frequency and speed are the subjects to be
analyzed.
Experiment 1: Rest Tremor: During this experiment, the
above mentioned two subjects, a patient, a healthy person
attempted to maintain body position at rest, for example, hand
tremor while resting on lap and robot RT100 programmed to
do pitch movement to simulate the hand tremor. These hand
tremors were recorded and the position vibration of sensor S5
is calculated and saved into a text file (ref. Fig. 16) [13], [14]
(41)
(42)
where
, standard deviation of sensor S5 at different time t1
and t2 (ref. Fig. 16);
if the position of sensor S5 at t0;
if the position of sensor S5 at t1;
if the position of sensor S5 at t2.
The results of frequency and speed analysis are displayed in
Figs. 17–20. This test showed that the PD subject had a charac-
teristic tremor frequency at 4.5 Hz (ref. Fig. 17) which was not
apparent in the normal control subject (ref. Fig. 19). Figs. 18 and
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(a)
(b)
Fig. 17. (a) Rest tremor time series and (b) frequency spectrum measured a
PD patient.
(a)
(b)
Fig. 18. Rest tremor for the PD patient (a) time series and (b) instantaneous
speed.
(a)
(b)
Fig. 19. Rest tremor for the normal control (a) time series and
(b) instantaneous speed.
20 are the speed analysis results of the rest tremor experiment
with PD subject and normal control.
Experiment 2: Rotation: In this experiment, three subjects,
a patient, a healthy person rotated their hands around wrist as
(a)
(b)
Fig. 20. Rest tremor for the normal control (a) time series and
(b) instantaneous speed.
Fig. 21. Calculation of hand rotation angle.
much as they can, and robot RT100 programmed to do roll
movement with the “wrist” motor to simulate the hand rota-
tion. These hand movements were recorded and rotating angle
of sensor S10 (ref Fig. 21) was calculated and saved in a text file
as the analysis object
(43)
(44)
where , are the rotating angles from t0 to different time
t1 and t2; is the direction vector of sensor S10
at t0; is the direction vector of sensor S10 at
t1; is the direction vector of sensor S10 at t2.
The results of frequency and speed analysis are displayed in
Figs. 22–27. The PD subject achieved a rotational frequency of
1.5 Hz (ref. Fig. 22) compared to 0.4 Hz for the normal con-
trol subject (ref. Fig. 24) and the robot motion of 0.8 Hz (ref.
Fig. 27). Figs. 23, 25, and 27 show the speed tendency of the ro-
tation movement in PD patient, normal control, and robot RT100
programmed with a fixed speed. More speed variation is ob-
served from PD patient’s movement.
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(a)
(b)
Fig. 22. Hand rotation measured for the PD patient (a) angular time series and
(b) frequency spectrum.
(a)
(b)
Fig. 23. Hand rotation measured for the PD patient (a) time series and
(b) instantaneous speed.
(a)
(b)
Fig. 24. Hand rotation measured for the normal control (a) time series and
(b) frequency spectrum.
Based on the clinic experience, the rotating speed of a PD
Patient will be getting lower during the assessment, in order to
(a)
(b)
Fig. 25. Hand rotation measured for the normal control (a) time series and
(b) instantaneous speed.
(a)
(b)
Fig. 26. Robot wrist rotation (a) time series and (b) rotational frequency.
(a)
(b)
Fig. 27. Robot wrist rotation (a) time series and (b) instantaneous speed.
get the clear observation, robot RT 100 was programmed to roll
at a variable speed and the rotating angle is analyzed as shown
in Fig. 28.
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(a)
(b)
Fig. 28. Robot wrist rotation motion (a) time series and (b) instantaneous
speed.
Fig. 29. Calculation of finger pinching motion.
Experiment 3: Finger Pinching: In this experiment, a PD Pa-
tient, attempted to grip with his index inger and thumb as much
amd quickly as possible. This grip movement was recorded and
the instantaneouse distance between snesor S1 and sensor S3 is
calculated (ref Fig. 29) and saved as the analysis object
(45)
(46)
where , are the distance between sensor S3 and S1 at
different time t1 and t2 (ref. Fig. 29); and are the
position of sensor S3 and S1 at t1; and are the po-
sition of sensor S3 and S1 at t2.
The frequency an speed analysis results are displayed in
Figs. 30 and 31. Fig. 30 shows the frequency of this movement
in PD subject is 2.8 Hz. Speed variation in this movement can
be oberved from Fig. 31.
Experiment 4: Grabbing Test: This experiment is similar as
the grip experiment, the PD patient, and a healthy person at-
tempted to grab their hand as much and quickly as possible. In-
stead of calculating the distance between sensor S1 and S3 (ref.
Fig. 29), in this experiment, the distance between sensor S1 and
S5 is measured for further analysis (ref. Fig. 32)
(47)
(48)
(a)
(b)
Fig. 30. Finger pinching frequency measured for the PD patient (a) time series
and frequency spectrum and (b) averaged speed trend.
(a)
(b)
Fig. 31. Finger pinching test for the PD patient (a) time series and
(b) instantaneous speed.
Fig. 32. Calculation of grabbing motion.
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(a)
(b)
Fig. 33. Grabbing measurement for the PD patient (a) time series and
(b) frequency spectrum.
(a)
(b)
Fig. 34. Grabbing distance for the PD patient (a) time series and
(b) instantaneous speed.
where , are the distance between sensor S5 and S1 at
different time t1 and t2 (ref. Fig. 32); and are the
position of sensor S5 and S1 at t1; and are the po-
sition of sensor S5 and S1 at t2.
The frequency and speed analysis results are displayed in
Figs. 33–36. The DFT traces show the grabbing motion for the
PD patient has two dominant frequencies at 2 and 4 Hz (ref.
Fig. 33) whilst the normal control subject has a more distinct
motion frequency at 1Hz (ref. Fig. 35). Large speed variation of
the PD patient’s grabbing motion can be observed from Fig. 33
compared to relatively small speed variation (ref. Fig. 36) of the
normal control’s grabbing motion.
VI. CONCLUSIONS AND FURTHER WORK
In repeated experiments with the subjects and robot simulator,
the system was found to offer a highly repeatable and accurate
measure of hand motion of 5 Hz over the 0.4-m operating range
achievable with the system.
(a)
(b)
Fig. 35. Grabbing frequency measured for the normal control (a) time series
and (b) frequency spectrum.
(a)
(b)
Fig. 36. Grabbing speed measured for the normal control (a) time series and
(b) instantaneous speed.
The graphical hand model has been described and has been
found to play an important role in clinical assessment. First,
it shows clearly whether the system is operating correctly,
checking visually the status of each sensor and whether the
hand is within range of measurement. Second, it shows par-
ticular motion characteristics well for clinical professionals,
for example, the extent and frequency of ETs and the speed
changes that occur during wrist rotation or finger pinching
measurement.
By using off-line analysis, the graphical recording of the hand
motion may be used to clinically diagnose relevant parameters
of movement in patients with two common disorders. ET and
PD can be realistically recorded and simulated for both clinical
practice and research purposes. Two examples have been pro-
vided in Sections III and V using the DFT frequency analysis
algorithm to extract the ET measurement and the instantaneous
sensor speed measurement.
The application of a data-glove with a 3-D electromagnetic
imaging system objectively records data for the three cardinal
features of PD: tremor, rigidity, and bradykinesia. Fig. 13
has shown that the frequency of ET may be recorded using
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this technique and was found to be 4.5 Hz. Measurement of
the ET present in subjects is currently not possible with the
3-D imaging system used in this study. The measurement
speed would have to be at least doubled to 20–30 frames/s
in order to capture the frequency of ET. This goal will be
further researched in the near future with a redesigned higher
performance image capture system.
The method is considered to have potential benefit in a
number of areas, including the following:
• more accurate diagnosis;
• recording progression of disease;
• monitoring the effects of therapeutic interventions.
The motor features of PD are notoriously variable, partic-
ularly in the moderate to advanced stages of the illness, and
any user-friendly system to provide greater objectivity would
be greatly welcomed by clinicians.
In addition, a quantitative force measurement system is also
used in this study to provide an objective assessment of rigidity
in PD. A pair of Datacq® gloves incorporating a set of force
transducers is utilized together with a force triggering facility
controlled by a PC [15]. During the assessment of tone, while
the doctor, who wears the gloves, flexes and extends the pa-
tient’s wrist, the force applied is fed back to the force triggering
system, recorded and saved on the hard-drive for further med-
ical analysis. Meanwhile, force data is drawn into a chart with
the existing 3-D-motion system.
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